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We investigate the effect of eddy currents on ferromagnetic resonance (FMR) in ferromagnet-
normal metal (FM/NM) bilayer structures. Eddy-current effects are usually neglected for NM layer
thicknesses below the microwave (MW) skin depth (' 800 nm for Au at 10 GHz). However, we show
that in much thinner NM layers (10-100 nm of Au or Cu) they induce a phase shift in the FMR
excitation when the MW driving field has a component perpendicular to the sample plane. This
results in a strong asymmetry of the measured absorption lines. In contrast to typical eddy-current
effects, the asymmetry is larger for thinner NM layers and is tunable through changing the sample
geometry and the NM layer thickness.
INTRODUCTION
Eddy currents are induced currents in conductors by
changing magnetic fields. These currents flow in closed
loops perpendicular to the driving fields, and produce
additional Oersted fields that partially compensate the
external driving fields. The effects of eddy currents on
FMR in conducting films is well known in the limit of film
thickness approaching their electro-magnetic skin depth
( ' 800 nm for bulk Au at 10 GHz). In those cases,
eddy-current effects can lead to linewidth broadening and
give rise to spin-wave excitations due to inhomogenous
microwave fields [1, 2].
The microwave frequency spin dynamics in nanostruc-
tures usually involves stacks of layers combining FM and
NM at the nanometer scale [3, 4]. Although eddy-current
effects are usually neglected in metals with thicknesses
below their skin depth, some studies have shown that this
may be important also for normal metal (NM) films far
below their skin depth [5–10]. In these studies it was pre-
dominantly microwave-screening effects that were consid-
ered, and little attention was paid to how the induced
Oersted fields can affect the magnetization dynamics in
an adjacent ferromagnetic thin film.
Ferromagnetic resonance (FMR) spectroscopy experi-
ments probe static and dynamic properties of magnetic
materials. The technique relies on measuring the mi-
crowave absorption associated to the precession of the
magnetization. In FMR experiments, position and width
of absorption lines carry valuable information about ma-
terial parameters such as anisotropy fields and magnetic
damping [11].
Many experimental setups used for such studies have
the main component of the MW driving field oriented in
the sample plane (coplanar waveguide (CPW)/stripline
FMR). Non-uniformity of the MW field, and sample po-
sition with respect to the CPW/stripline center would
still lead to field components perpendicular to the sam-
ple plane, which would enhance the effects of eddy cur-
rents. On the other hand, in cavity-FMR setups, the MW
fields can be oriented either parallel or perpendicular to
the sample plane depending on the cavity.
Differences in symmetry of FMR lines have been used
to study the spin pumping from a magnetic material to a
normal metal [12–14]. We notice here that a recent study
has reported different values for the voltage induced by
the inverse spin hall effect, depending on the cavity mode
used [15]. In such studies, lineshape symmetry is one of
the main parameters used to analyze the results.
Hence, to correctly interpret experimental data in-
volving FMR it is important to understand how eddy
currents—even in very thin films—can cause modifica-
tions in the measured FMR lineshape.
In this study we investigate the contribution of
eddy currents to the FMR absorption lineshapes in
ferromagnet-normal metal (FM/NM) bilayer structures.
We have systematically studied how the sample geome-
try and NM thickness affects the coupling between mi-
crowave (MW) fields and eddy-current-induced fields,
and we show that this coupling is tunable through chang-
ing the sample geometry and the NM layer thickness.
THEORETICAL MODEL FOR THE OBSERVED
LINESHAPES
The ferromagnetic resonance is usually driven directly
by the MW field from a cavity or from a coplanar waveg-
uide/microstrip line. However, capping a FM sample
with a NM layer leads to circulating eddy currents in
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the NM, and additional Oersted fields in the FM. These
Oersted fields have a different phase with respect to
the MW fields—there is a relative phase lag between
the MW fields and the Oersted fields from the induced
currents—, and this results in a distortion of the FMR
lineshape. A sketch of the FM/NM bilayer geometry
and the path of the induced eddy currents is shown in
Fig. 1a. The induced currents flow in closed loops in
the sample plane, with highest current density along the
sample edges [16, 17]. Figures 1b and c compares two
representative FMR lineshapes for a 10 nm Py sample
before and after capping it with 10 nm Au; although res-
onance frequency and linewidth stay constant, the line-
shape changes considerably.
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FIG. 1. (a) A schematic of the sample geometry showing the
path of the induced eddy currents flowing in closed loops around
the sample, with highest current density along the sample edges
[16, 17]. (b) and (c): FMR lineshapes and fitted parameters from
Eq.(14) for a sample with 10 nm Py (b), and the same sample after
being capped with 10 nm Au (c).
To understand the origin of the distorted lineshapes
due to the induced eddy currents, we consider a model
describing the magnetization dynamics of the FM, start-
ing from the Landau Lifshitz Gilbert equation [18]:
∂M
∂t
= −γM×Heff + α
Ms
(
M× ∂M
∂t
)
, (1)
where γ is the gyromagnetic ratio, α is the Gilbert damp-
ing parameter, and Ms is the saturation magnetization.
The effective magnetic field, Heff, includes the external
field H0, the anisotropy field, HA (we neglect the effects
of dipole and exchange fields) and a driving oscillatory
field, hac, composed of MW fields and fields from the
eddy currents. In the following, the contribution from
the anisotropy field to the effective field is neglected, as
this is negligible compared to the resonance field for Py.
We assume the external applied field, H0, is along z
in the film plane (see Fig. 1a) and only consider per-
turbations of the oscillatory field, hac, in the x-y plane,
perpendicular to the external applied field (the compo-
nents in the direction of the applied field do not directly
perturb the dynamics of M).
The phase of the microwave excitation in any FMR
experiment is arbitrary and can depend on many factors.
However, as we are only interested in relative phase dif-
ferences, we can set the reference phase of the MW field
to zero. The combined driving field can thus be written
in the form:
hac(t) = hMWeiωt + hindei(ωt−φ)
= [hMW + hind(cosφ− i sinφ)]eiωt ≡ heiωt[1− βi],
(2)
where φ is the relative phase difference between the MW
field and the induced field, and h = hMW + hind cosφ.
The parameter β is thus defined as:
β = (hind sinφ)/(hMW + hind cosφ) = (βx, βy), (3)
and accounts for the relative magnitude of the two fields
and their phases in the x/y direction respectively. The
parameter β will thus approach zero when the induced
field is small compared to the MW field, or the phase
difference between the MW field and the induced field is
close to 0 degrees. There will also be a maxima for β for
some value of the phase difference in the range between
90-180 degrees, which depends on the magnitude of the
induced field compared to the MW field.
The magnetization M(t) is then taken of the form
M(t) = M0z + meiωt, where m ⊥ z. The magnetic re-
sponse to small excitation fields, m = χh, is determined
by the Polder susceptibility tensor χ [19].
The elements of χ were determined by solving Eq. (1),
and discarding higher order terms. Setting m = χh and
introducing ω0 = γH and ωM = γM0, one obtains:
χ =
(
χxx iχxy
−iχyx χyy
)
, (4)
where the matrix elements are given by
χxx/yy =
(1− iβx/y)ωM (ω0 + iαω)
ω20 − ω2(1 + α2) + 2iαωω0
, (5)
χxy/yx =
(1− iβy/x)ωωM
ω20 − ω2(1 + α2) + 2iαωω0
. (6)
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The observable quantity in our FMR experiments is
the MW power absorption, which is given by an integral
over the sample volume V [26]:
Pabs =
1
2<
∫
V
iω(χh) · h∗dV (7)
Splitting χ into its real and imaginary part and using
that hx and hy are orthogonal, one obtains:
Pabs =
1
2<
∫
V
iω[χ
′
+ iχ
′′
]
(
hx
hy
)
· (h∗x, h∗y) dV
= −12
∫
V
ω
(
χ
′′
xxhx + χ
′′
xyhy
χ
′′
yxhx + χ
′′
yyhy
)
· (h∗x, h∗y) dV
∝ ω(χ′′xxh2x + χ
′′
yyh
2
y),
(8)
The MW power absorption is thus given by the imag-
inary part of the diagonal elements χ′′xx and χ
′′
yy, for the
field components in the x/y direction respectively.
Using that χyy/xx is written in the form χyy/xx =
Z1/Z2, where Zi are complex numbers, one can seper-
ate the real and imaginary part by multiplying the ex-
pression by the complex conjugate of the denominator:
χyy/xx = Z1Z
∗
2
Z2Z∗2
. Assuming low damping, (α2 ≈ 0) this
gives:
<(χxx/yy) =
ω0ωM (ω20 − ω2)− βx/yαωωM (ω20 + ω2)
(ω20 − ω2)2 + (2αωω0)2
,
(9)
=(χxx/yy) =
−αωωM (ω20 + ω2)− βx/yω0ωM (ω20 − ω2)
(ω20 − ω2)2 + (2αωω0)2
.
(10)
As the FMR linewidth for permalloy films is small com-
pared to the resonance frequency, one can assume that
one does not need to deviate far from the resonance in
order to observe the shape of the curve. That being the
case, ω20 + ω2 ≈ 2ω20 , and
(ω20 − ω2)2 = (ω0 + ω)2(ω0 − ω)2 ≈ 4ω20(ω0 − ω)2. (11)
Hence, for narrow linewidths, Eq.(10) is well approxi-
mated by:
=(χxx/yy) ≈
(−ωMΓw
4
) 1 + βx/y(ω0 − ω)/Γw
(ω0 − ω)2 + (Γw/2)2 , (12)
where the parameter Γw = 2αω has been introduced to
describe the linewidth. This expression consists of two
components: a symmetric absorption lineshape arising
from the in-phase driving fields, and an antisymmetric
dispersive lineshape proportional to β arising from out-
of-phase driving fields. The β parameter is thus deter-
mined by the ratio between the absorptive and dispersive
contributions to the FMR lineshape. [20, 21].
In our set-up the microwave frequency is fixed at 9.4
GHz, and the magnetic field H0 is then swept to lo-
cate the ferromagnetic resonance at the resonance field,
H0 = HR, satisfying the condition for the resonance fre-
quency, ωR = γ
√
HR(HR + 4piMs). To extract β from
our experiments, we thus use an expression of same func-
tional form as Eq. (12), but expressed in terms of field
rather than frequency.
=(χxx/yy) = A
1 + βx/y(HR −H0)/ΓH
(HR −H0)2 + (ΓH/2)2 , (13)
where A is an unimportant proportionality factor, and
ΓH has been introduced to describe the linewidth. In this
form, Eq.(13) describes what is known in the litterature
as Dysonian lineshapes [20–22].
In our experiments, we measure the field derivative of
the MW absorption. The experimental data is thus fitted
to the derivative of Eq. (13) with respect to the external
field, which is given by:
d
dH0
=(χxx/yy) = A
[
−βx/y/ΓH
(HR −H0)2 + (ΓH/2)2
+
2(HR −H0)[1 + βx/y(HR −H0)/ΓH]
[(HR −H0)2 + (ΓH/2)2]2
]
.
(14)
Through the β parameter, FMR lineshapes in an other-
wise unperturbed system is thus a measure of the ampli-
tudes and relative phase of the MW field and the induced
fields from eddy currents.
EXPERIMENTAL SETUP
Experiments were performed with Permalloy
(Py=Fe20Ni80) as the ferromagnet layers, and gold
(Au) and copper (Cu) as NM layers. The Py was grown
by E-beam evaporation on oxidized silicon substrates,
and the Au and Cu layers were grown by DC Magnetron
sputter deposition. We controlled the thickness of
the deposited NM layers using a Veeco Dektak 150
profilometer, and we cut our samples using a Dynatex
DX-III combined scriber and breaker to obtain well
defined sample geometries. Ferromagnetic resonance
measurements were carried out in a commercial EPR
setup (Bruker Bio-spin ELEXSYS 500, with a cylindrical
TE-011 microwave cavity).
The sample is attached to a quartz rod connected to
a goniometer, allowing to rotate the sample 360 degrees.
The MW field is oriented perpendicular to the sample
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FIG. 2. Schematic of the cylindrical TE-011 microwave cavity,
showing the sample position and field geometry.
plane and is rotationally symmetric due to the cylindrical
shape of the cavity, as shown in Fig. 2.
Our FMR experiments were performed with a low am-
plitude ac modulation of the static field, which allows
lock-in detection to be used in order to increase the sig-
nal to noise ratio. The measured FMR signal is then
proportional to the field derivative of the imaginary part
of the susceptibility. The experimental data was thus fit-
ted to Eq.(14), dχ/dH0 (i.e., we obtained an absorption
line as in Fig.1b when the driving field had only the MW
component; we obtained an absorption line as in Fig.1c
when the driving field had a strong component from the
eddy-current induced fields).
RESULTS AND DISCUSSION
Effect of sample geometry
We first focus on the effect of the sample geometry. A
full in-plane 360 degrees rotation of a sample of dimen-
sions 1×3 mm with a thickness of 10 nm Py capped with
10 nm Au is shown in Fig. 3a, where θ = 0 corresponds
to an applied field, H0, parallel to the short side of the
sample. We note that although capping the sample with
a thin NM layer affects the lineshape asymmetry consid-
erably, the resonance field HR and linewidth Γ stay con-
stant. Thicker NM layers of materials with considerable
spin orbit coupling would lead to a linewidth broaden-
ing due to loss of spin angular momentum through spin
pumping effects, but for thin Cu/Au layers this effect is
negligible [23, 24].
The microwave field in the cavity can be considered
uniform on the length scale of the sample, and rota-
tionally symmetric due to its cylindrical shape. If the
microwave excitaton is inhomogenous when rotating a
long sample, it could be possible to excite magnetostatic
modes in the FM film [25]. However, if this was the case
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FIG. 3. (a) Angular dependence of the β parameter describing the
FMR lineshape for a sample of 10 nm Py capped with 10 nm Au of
dimension 1×3 mm; the applied field is rotated 360 degrees in the
film plane. (b) Sample length dependence of β for samples of 10
nm Py capped with 10 nm Cu (and 5nm Ta to prevent oxidation)
of dimensions 1×L mm, i.e each datapoint in the ”Length series”
corresponds to a separate sample of length L. We also plotted in
(b) the rotational measurements shown in (a) for a single sample,
considering that the effective length in the direction of the applied
field, H0, is approximated by L(θ) = l sin(θ) + w cos(θ), l = 3 mm
and w = 1 mm.
in our experiments, one should observe the same asym-
metry for the FM without the NM capping layer. To
rule out conclusively this as a cause of the asymmetry,
we performed control experiments where we re-positioned
the sample with an offset from the centre of the cavity
(offset of the same order as the sample dimension). This
did not affect the asymmetry of the lineshape, indicating
that an inhomogenous MW field in the cavity could not
be the cause of the observed effect.
To investigate the effect of sample geometry further, a
set of samples of dimensions 1×L mm, where L ranged
from 0.5 to 4 mm was studied. The samples were again of
10 nm Py capped with 10 nm Cu, and 5 nm Ta to prevent
oxidation. We notice that the sample length in the direc-
tion parallel to the applied field is the main parameter
that determines the asymmetry of the FMR lineshapes,
given by the parameter β. Figure 3b shows the depen-
vdence of sample length when the varying dimension is
parallel to the applied field. We see that the asymmetry
increases with the sample’s length and reaches a value
where β appears to diverge at a length of about 3.3 mm.
Samples with a length below 1 mm have lineshapes al-
most identical to samples with no NM capping.
We consider now the basic physics to describe the
above results. The induced eddy currents flow in closed
loops in planes perpendicular to the MW magnetic field,
which is perpendicular to the film plane in our experi-
ment. Thus, to obtain circulating eddy currents as shown
in Fig. 1a, it is required to have the MW field perpendic-
ular to the film plane. We have conducted control experi-
ments where the MW fields were applied in the film plane
and we observed that the FMR lineshapes were always
symmetric, indicating there were no observable effect of
the eddy currents.
In our experimental geometry, the induced eddy cur-
rents flow mainly in circulating paths, with highest cur-
rent density along the sample edges [16, 17]. The induced
Oe fields have a component in the film plane and another
perpendicular to the film plane. As indicated in Fig. 1a,
for the sample edges that are parallel to the applied field,
the Oe fields will have the main in-plane component per-
pendicular to the applied field and could thus affect the
FMR of the Py film. On the other hand, currents along
sample edges perpendicular to the applied field will give
rise to an in-plane Oersted field that is parallel to the
applied field, and should not affect the FMR response.
The observed strong rotational dependence (See, Fig.
3a), suggest that the effective driving field has the dom-
inating contribution oriented in the sample plane; the
contribution from the component perpendicular to the
sample plane should not depend on the direction of the
sample edges with respect to the applied field. As the
effective driving field appears to be dominated by the in
plane components, this indicates that the induced local
field perturbing the FM is larger than the external field.
This could be possible due to the close proximity to the
induced currents at the FM/NM interface.
We now compare the length series with the rotational
measurements by using a simple geometric approxima-
tion: we consider that the length of the sample parallel
to the applied field is given by L(θ) = l sin(θ) +w cos(θ),
where l and w are the length (3 mm) and width (1 mm)
of the sample, and θ = 0 corresponds to the applied field
parallel to the short side of the sample. We have plotted
in Fig. 3b the rotational measurements following this ap-
proach and we can see that the resulting curve is almost
identical to the length series.
To investigate the effect of sample size closer, we de-
signed a control experiment that consisted of taking a
large sample of dimensions 1×3 mm and dividing it into
electrically isolated regions of 1×1 mm. This was per-
formed using an automated scriber that scratched the
sample without breaking it—we limited the size of the
possible current loops (as illustrated in Fig. 4).
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FIG. 4. Scratching the sample limits the size of the posible current
loops, reducing the magnitude of the induced fields.
We tested this for samples with no NM capping, and
the FMR signal was not affected. However, the same
procedure on a sample capped with 10 nm Au presented
a remarkable effect: the lineshape before scratching the
sample was strongly asymmetric, but after scratching the
film it returned to being symmetric again and matched
the lineshapes for a sample of dimensions 1×1 mm.
The asymptotic behaviour of β as the sample length
increases, can be understood by considering how the sam-
ple size affects the magnitude of the induced field. As
a simplified model, we approximate the current path
as a rectangular loop around a sample of length l and
width w. The induced electromotive force (EMF) is then
given by the rate of change of magnetic flux through the
area enclosed by the loop; its absolute value is given by
|| = lw
∣∣∣∣∂h∂t
∣∣∣∣ ∝ lw hMW2pif , where f and hMW are
the MW frequency and amplitude respectively. The re-
sistance of such a loop is given by R = 2Rs(l + w)/ζ,
where Rs is the sheet resistance and ζ is the width of
the current path. The induced current is finally given
by I = /R. We consider as an approximation that the
magnetic field resulting from a current I in such a plane
is given by hind = µ0I/2ζ, where µ0 is the vacuum per-
meability. The expression for the induced field is thus
proportional to the sample size.
As an estimate for the strength of the induced field,
we calculated this for a square sample, w = l, using the
above expression for hind. The sheet resistance was mea-
sured to be Rs ≈ 50 Ω for samples with 10 nm Py capped
by 10 nm Cu and 5 nm Ta. Considering the width of the
current path along the sample edge as ζ = w/4, one can
estimate the sample size where hind = hMW. In the pres-
ence of a MW field of 9.4 GHz and 6 µT (values used
during our experiments), we obtained that at a dimen-
sion of about 2×2 mm the induced field equals the MW
field. Our estimate corresponds with what we see in the
experiments: when the sample size approaches the mm
scale, the effects become increasingly important.
vi
Thickness of NM layer
Next, we focus on another important parameter that
governs the effect of eddy currents: the thickness of the
NM layer. We prepared samples with a NM (both with
Au and Cu) thickness ranging from 10 nm to 1 µm (Au)
and 10-50 nm (Cu). (The experiments presented here
were also performed in two more samples, where we ob-
tained the same results. The measured asymmetry pa-
rameter β as a function of NM thickness is shown in Fig.
5 for a sample of dimensions 1×3 mm, with the applied
field parallel to the long side of the sample. Replacing
the Au layer by Cu in the range 10-50 nm shows a sim-
ilar behavior; the thicker the NM, the more symmetric
the FMR lineshapes. In the thick film limit one observes
asymmetric lineshapes again, but with an opposite sign
of the β parameter.
101 102 103
−10
0
10
20
30
40
50
60
70
NM thickness, [nm]
A
sy
m
m
e
tr
y 
p
a
ra
m
e
te
r,
β
Au
Cu
101 102 103
0
10
20
30
NM thickness, [nm]
β x
FIG. 5. NM thickness dependence of the β parameter describing
the FMR lineshape for a sample of dimension 1×3 mm, with the
applied field parallel to the long side of the sample. Comparing
Au and Cu as NM layer in the region 0-50 nm. Inset: Calculated
thickness dependence of βx, given by Eq. (3) and (15)
To explain the thickness dependence, we use a simpli-
fied model where we assume that the induced eddy cur-
rents circulate in two dimensional planes in the NM layer.
The Oersted fields originated by the eddy currents have
a relative phase lag, φ, compared to the external MW
field, which in the ideal case of no inductance is expected
to be φ = −90 degrees (IEddy ∝ ∂h∂t ). However, due to
the inductance and resistance of the NM film, there will
be an additional phase between the MW field and the
induced field that depends strongly on the NM thickness
(due to the low conductivity of Py compared to Au/Cu,
we consider the currents to circulate mainly in the NM
layer). At larger thicknesses, one also needs to take into
account phase shifts due to the skin effect. Considering
this, one can write the relative phase lag as a function of
NM thickness as [26]:
φ(d) = −
[
90 + tan−1
(
ωL(d)
R(d)
)
+ d/δ
]
, (15)
where ω is the microwave angular frequency, L and R
are the inductance and resistance of the film, d is the
NM thickness and δ is the MW skin depth (' 800 nm for
Au at 10 GHz).
To estimate values for the inductance, we consider a
rectangular current path along the edges of the NM layer
[27], and sample dimensions of w=1 mm, l=3 mm with
thickness d (L ≈ 10−8 H for a thickness of 10 nm).
L(d) = µ0µr
pi
[
−2(w + l) + 2
√
l2 + w2 − l · ln
(
l +
√
l2 + w2
w
)
−w · ln
(
w +
√
l2 + w2
l
)
+ l · ln
(
2l
ζd
)
+ w · ln
(
2w
ζd
)]
,
(16)
where µR is the relative permeability of the NM film
(≈ 1), and ζ is the width of the current path, set to w/2
in this calculation.
As mentioned in the previous section, we measured a
sheet resistance of Rs ≈ 50 Ω for samples with 10 nm
Py capped by 10 nm Cu and 5 nm Ta. However, for NM
layers in this thickness regime, the conductivity depends
strongly on the thickness. This is due to increased in-
terface scattering in thin films when the thickness is of
the same order as the electron mean free path. Due to
this we estimate the film resistance, R(d), as a function
of thickness by introducing a correction factor, η, which
describes a correction to the film conductivity compared
to its bulk value. In [6] it was found that the increase
in conductivity is close to linear in film thickness be-
low 20-30 nm, before reaching an asymptotic value for
thicker films. In our calculations we thus considered η
to be a linear function of the film thickness below 20nm:
η = min
(
1, dlmfp
)
, where d is the NM thickness and we
set lmfp = 20 nm.
From the rotational measurements, we argued that the
effective driving field is dominated by the in plane com-
ponent of the induced field. For thicker NM layers the
sheet resistance is reduced, and the magnitude of the in-
duced field should thus increase, as |hind| ∝ 1/Rs. Due
to this, the effective driving field should be dominated by
the in plane component, hx, also for thicker NM layers.
From Eq. (8) and (14), the asymmetry of the lineshape
is then given by the parameter βx.
Using these approximations we computed the phase
shift between the MW field and the induced field, and
calculated the thickness dependence of βx, given by Eq.
(3) and (15), illustrated in the inset of Fig. 5. As the
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NM thickness increase, the phase difference approaches
a value of 180 degrees, which then corresponds to βx = 0
(i.e., the asymmetric lineshapes disappear quickly as the
NM thickness increases). For thicker NM layers, one gets
an additional contribution to the phase difference due to
the skin effect. At a certain thickness the phase shift will
thus be larger than 180 degrees, which corresponds to an
opposite sign of βx.
These main features of our simple model agrees well
with the experimental data in Fig. 5, where the asym-
metry drops off quickly with the thickness for thin NM
layers. As the thickness of the NM layer is increased fur-
ther, one also observes the expected transition to asym-
metric lineshapes again, but with an opposite sign of the
β parameter. The thick film limit corresponds to the
regime where one usually assumes eddy-current effects to
become important, i.e. when the NM thickness approach
its MW skin depth.
Experimentally, we observed the strongest lineshape
asymmetry in films with a NM thickness of 10 nm. We
also investigated thinner NM layers of 5 nm, and the
FMR lineshapes were similar to single Py films. We be-
lieve this is because we had non-continuous metal films
for these thicknesses; Au films tend to be granular and
the Cu films might have oxidized.
SUMMARY
To summarize, we have shown that induced eddy cur-
rents can play an important role in FM/NM bilayer struc-
tures for certain sample geometries. In contrast to what
is usually assumed about eddy currents, our results in-
dicate that these effects can be important also for film
thicknesses far below their skin depth. In FMR measure-
ments, the influence on lineshape asymmetries has to be
taken into account for NM layers below 50 nm and sample
dimensions above approx. 1 mm2 when the MW field has
a significant component perpendicular to the film plane.
The dynamics of the system is determined by the
interplay of the MW fields and induced fields by eddy
currents, and we have shown that this coupling is tunable
through changing the sample geometry and the NM layer
thickness. The tunability of the coupling opens up possi-
bilities to use patterned NM structures to tailor the local
field geometry and phase of the induced microwave fields,
which could be of importance for magnonics applications.
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